
URKUNDE 



CERTIFICATE 



CERTIFICAT 



Es wird hiermit bescheinlgt, 
dass fOr die in der Patentschrifi 
bescliriebene Erfindung ein 
eurapaisclies Patent fiir die in der 
Patentsciirift bezeichneten Ver- 
tragsstaaten erteitt worden ist. 



it is hereby certified that a 
European patent has been granted 
In respect of the invention 
described in the patent specifica- 
tion for the Contracting States 
designated in the specification. 



li est certifie qu'un brevet 
europSen a d^livrl pour 
rinvention decrite dans ie 
fascicule de brevet, pour les 
Etats contractants deslgn^s 
dans Ie fascicule de brevet. 



Europaisches Patent Nr. 



European patent No. 

1714031 

Proprietor of the patent 



Titulairedu brevet 



MoNlohol, Riohard Fredericlt 

181 A Street, Unit 5884 

Suirey, British Columbia \fas 4T2/CA 



Miinchen.den 

Munich, 

Fait a Munich, Ie 



Alison Brlmelow 

Prasidentindes Europaischen Patentamts 
President of the European Patent Office 
Presidente de I'Office europeen des brevets 




(12) 



(45) Date of publication and mention 
of the grant of the patent: 
09.12.2009 Bulletin 2009/50 

(21) Application number: 05706422.2 

(22) Date of filing: 27.01 JJ005 



IIUHII 

(11) EP 1714 031 B1 

EUROPEAN PATENT SPECIFICATION 



F04B 47/10 1^'^"" 

(86) International application number: 
PCT/CA2005/000096 

(87) International publication number: ,„„^„„, 
WO 2005/073555 (1 1.08.2005 Gazette 2005^) 



(54) HYDRAULIC RAM PUMP 

HYDRAULIKZYLINDERPUMPE 
POMPE HYDRAULIQUE REFOULANTE 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB 6R 
HU IE IS IT U LT UU MC NL PL PT RO SE SI SK TR 

(30) Priority: 29.01.2004 US 765979 

(43) Date of publication of application: 
25.10.2006 Bulletin 2006/43 

(73) Proprietor: WIcNichol. Richard Frederick 
Surrey, British Columbia V3S 4T2 (CA) 

(72) Inventors: 

. MCNICHOL, Richard Frederick 
Surrey, British Columbia V3S 4T2 (CA) 



. BRYCE, Gordon 
Whiterock, British Columbia V4B 4X8 (CA) 

(74) Representative: Nellson. Martin Mark 
Urquhart-Dykes & Lord LLP 
Tower North Central 
Merrion Way 
Leeds LS2 8PA(eB) 



(56) References cited; 
W0-A1 -84/01 002 
CA-A1-1 057121 
FR-A-2 545 886 
US-A-1 616774 
US^- 3 135 210 
US-A-4 421463 



CA-AI- 1 041 371 
CA-AI-I 198 315 
6B-A-631 521 
US-A-2174114 
US-A-4 219 311 
US-B1- 6 193 476 



Bulletin, any person may give notice to the European Pf^^Jff* '^^^^P^f J^^^^^^ ^Si, ,he opposition fee has been 

implementing Regulations. Notice of opposition shall not be deemed to have been filed PPo 

paid. (Art. 99(1) European Patent Convention). — — ' 



Prinled liy Jouve. 7S001 PARIS (FR) 



EP 1 714 031 B1 

Description 



10001] This invention relates to puiTiDS and in narti,^..i»r.« • . 

^ elevattons and pumps having energy l^coverTiJ^ar^^^ 

if LS^^SS en« in pu.ping o. .i„e. deep 
subsequent recovery during high energy usage pSs a J^w Z '^y'^^,?'".^"^'"^ «"ergy usage periods, for 
rSooT A numb'^' of water ir, a standing column run^f-the^iver hydro power applications utilizing 

- froTalopXJ^d^ 

raising the piston together with a volume of ZS/n!^!'^ T '''''^"^^ in ordertoassist in subsequently 
States Patent No. 6,193.476 to Sweeny Srv^surSS '' "''"'^^ ^^^'^^ P^'-' ^'^"^ 

wmmeraai usage. For example, m the Sv^eens^^^ ^'Z^T^'^T'^ "^^^^ ^^i^'^nt enough to justify their 
the fact that the upper piston 38 has the same cros^-sSoS !l j T ^ ^"^^'''"^ significantly reduced due to 
'5 upwardly on the lower piston 43 Inhibits rl J!^ ^3. Thus the pressure of liquid actino 

the cylinder above. ^ '""'""'"^'^ °f 'f'^ "PPe^ piston 38 under the weighTSSe S in 

''P'S^T^^^^^^ a bucket having an annular .n and located 

and attached to the housing wall, the plunger at h^^^^^^^^ " P'""^^'' «»hln the bucket 

r^qured to apply cyclic positive and n^^vTh^t p^ssuT In Z ^ ""^P' ^" ^^^"^1 P'^"^P is 

and fall relative to the plunger. nyorauKc pressure In the retoad chamber which causes the bucket to rise 

appJratus'JTvIng a vertlSIy o!?ent?Xder^^ ^^"f °^ "«"«'y ^ Pi^ton type pumping 

Pa«3agewaytor,iquidinthecylinde?a?X^^^^ 

ES^r ' ^''•^ ^ one^S vatr • ' "«"nte<i within a cylinder, a hollow 

above g;oinra"rr^^^^^^^ 

such that fluid is pumped up one of the pipes ontie fo eZr^H^ 1 ^^'^^ ^^^^-^Wy is 

It .s an Object of the invention to provide an imDrarednumS^ ^ °" '^^'^'^ ^'^l^®' 
Jy«^-""cheads.suchasencounteredindeep'S.^^^^^^^ 

f^^a^ls- ^ ^"^ without requiring pumps with high output 

s roi'° r ^"^^9^ ^ standi :j,um7 ' "^^ ^^'^ the 

andr4.~;:?S^-i™^ 

SUMMARY OF THE INVENTION 

' S hiKrK.:^:^:? ^.7"- ^ -p and a bo«.m. .e 

quKi ,n the cylinder at the bottom thereof ?SS ^^f^^^ '^"^'^ ^ ^^'^'^"^ P-«--9eway for 

against which pressurized fluid acts in a dir^c^n^^r^^^Zt T'" '^^""'^^^ ^"^ "^^^'"S a top area 

andextending below the piston and slidablyTds?aS^^^^ 

chamber located below the cylinder, the pLon rre2dtr.?HrM "'^^"'^^^"^^ ''°tt°'" of the cylinder; a reload 
second aperture and having a third passage^ Slto^d .^r^ I ^"^^ '"^""^'^ "^^ ^^'^'^ ^^-^^er through a 
asmaller bottom area Within thereloadchSSjJiZrS^^^ 

of movement of the piston and piston rod compare^o ftL too!^"^! ""^ "^"'"^^^ ^^'^ '^e direction 
the piston when the apparatus is in use exer^Tgrla eTf^L ' ' """" ''^''"^^^ ^^''"^ °" 

Chamber acting against the smaller bottom arS of?Cs o3 " S.n ' "'^^''^ 
whtch permits liquid to flow from the reload chamter info and a^ni,!! T"^^ '^ird passageway 

through the piston rod into the reload chamber a fourth ^1 1"'^'°" '"'^ from flowing back 

source chamber; a second one-way valv^n .S foirDa^r'^H'^:^ '''""''"^ ''""^ chamber to a 

-nto the reload Chamber and preveL liquS fn^mTI^^S^^^^^ 

receiver for storing hydraulic liquid connected r.l^e Snra^^^^^ T^"^' '""'^^ ''^^ -"d a 

the piston, as the piston moves downward^ a^^fo a^l^t """'^ *P'-oed below 

iTrexiTtr 

example, the means for storing may include a pressurized body of liquid. 
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[0007] There may be a pump connected to the body of liquid for pumping liquid into the cylinder below the piston to 
raise the piston. 

[0008] In one example the pump is a piston pump. The body of liquid may be a vertical column of liquid 

[0009] In another example, the pump may be a rotary pump and the means for storing may include a receiver for 

s pressurized liquid connected to the pump. 

[0010] The invention offers signiflcant advantages compared with conventional pumps for deep wells, pumping out 
mines and other applications for pumping liquids up relatively high hydraulic heads, such as energy recovery at hydro 
dams. It allows the use of a pump which requires far less energy input to pump liquids up significant vertical distances 
because It converts the potential energy of the standing column into kinetic energy. At the same time, it overcomes 

10 d isadvantages associated with prior art pumps of the general type by increasing its efficiency significantly by comparison. 
Thus the invention is attractive for commercial applications where prior art devices have not proven to be viable. 

BRIEF DESCRIPTION OF THE DRAWING 

IS [0011] In the drawings: 

Figure 1 is a simplified elevational view, partly in section, of a pumping apparatus according to an embodiment of 
the invention; 

20 Figure 2 Is a simplified elevational view, partly in section, of the upper fragment of an altenrative embodiment 
employing a centrifugal pump; 

Figure 3 is a graph of the efficiency of the pressure head concept of the pump; 

^5 Figure 4 is a sectional view of the embodiment of Figure 1 showing the Force Balance in the pump; 

Figures 5a and 5b are simplified sectional views showing Pressure Head Concept of a pump and the Power Cylinder 
Concept of the pump. 

30 Figures 6a and 6b are simplified elevational views, partly in section, of a pumping apparatus shown in a power 

stroke and a recovery stroke respectively according to another embodiment of the invention. 

DETAILED DESCRIPTIONS OF THE PREFERRED EMBODIMENTS 

35 [001 2] Referring to the drawings, and first to Figure 1 . this shows a piston type pumping apparatus 20 accorting to 
an embodiment of the invention. The apparatus is Intended to pump liquids, typically water, up relatively great vertkjal 
distances, such as from the bottom of a mine to the surface as exemplified by the distance between points 22 and 24. 
The system includes a vertically oriented first transfer cylinder 26 having a top 28, adjacent point 24, and a bottom 30. 
There is a first passageway 32 for liquid adjacent the top where liquid is discharged from the cylinder. There is a second 

40 passageway 34 near the bottom of the cylinder which allows liquid to enter or exit the cylinder. 

[0013] A transfer piston 40 is reciprocatingly mounted within the cylinder and is connected to a vertically oriented, 
hollow piston rod 42 which extends slidably and sealingly through aperture 44 in the bottom of the cylinder. The piston 
40 has an area 29 at the top thereof against which pressurized fluid in the cylinder acts. The passageway 32 is above 
or adjacent to the uppermost position of the piston and the passageway 34 is below its lowemnost position. It should be 

45 understood that Figure 1 is a simplified drawing of the inventk>n and seals and other conventtonal elements which would 
be apparent to someone skilled in the art are omitted. These components virauld be similar to those disclosed in United 
Slates Patent No. 6,193,476. 

[0014] There is a first one-way valve 41 at the bottom of the piston rod 42 which includes a valve member 43 and a 
valve seal 45 which extends about a third passageway 47 in bottom 49 of the piston rod. This one-way valve allowre 

so liquid to flow Into the piston rod, but prevents a reverse flow out the bottom of the piston rod. 

[001 5] There is a reload chamber 46 below the cylinder 26 which is sealed, apart from aperture 48 at top 50 thereof, 
which slidably and sealingly receives piston rod 42, and fourth passageway 52 at bottom 54 thereof. The piston rod acts 
as a piston within the reload chamber. There could be a piston member on the end of the rod within the reload chamber 
and the term "piston rod" indudes this possibility. A second one-way valve 56 is located at the passageway 52 and 

55 includes a valve member in the from of ball 58 and a valve seat 60 adjacent to the bottom of the reload chamber. There 
is an annular stop 62 which limits upward movement of the ball. This one-way valve allows liquid to flow from a source 
chamber 70 into the reload diamber 46, but prevents liquid from flowing from the reload chamber towards the chamber 
70. Chamber 70 contains Ikjuid to be pumped out of passageway 32 at top of the cylinder. 
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[0016] The piston 40 has a diameter D1 which is sulwtantlally greater than diameter D2 of thepiston rod and. according, 
the piston rod, acting as a piston in the reload chamlier. has a significantly smaller area upon, which pressurized liquid 
acts, in the direction of movement of the piston rod and piston 40, within the reload chamlier 46 compared to the cross- 
secf tonal area of the piston 40 and the inferior of cylinder 26 . For example, in one embodiment the piston is 3" in diameter, 
s while the piston rod 42 is 1" in diameter. Therefore liquid in the cylinder at a given pressure exerts a much greater force 
on the piston and piston rod compared to Uie force exerted upwardly on the piston rod and piston by a similar pressure 
of liquid in reload chamber 70. 

[00171 There is means 80 for storing pressurized liquid 82 connected to the second passageway 34. This means 80 
stores pressurized liquid recovered from chamberOO in the cylinder 26 beiow the piston 40. In this particular embodiment 

10 the means includes a column of liquid 92 extending from passageway 34 to a point 94 at the top of the column. The 
column in this example is formed by an annular jacket 96 extending about the cyBnder 26 and a conduit 98 extending 
to dischaipe end 100 of a second, power cylinder 102. The column can be pressurized by a remotely located power 
cylinder or by using a body of liquJd (water), located at a higher elevation, as a pressure head. 
[0018J The cylinder 1 02 has a piston 104 reciprocatingly mounted therein. The liquid 82 occupies chamber 106 on 

IS side 108 of the piston which faces discharge end 100 of the cylinder. Chamber 110 on the opposite side of the piston 
is vented to atmosphere through passageway 112. There is, a piston rod 1 14 connected to the piston 104 to drive the 
piston towards the discharge end and thereby discharge liquid 82 from the cylinder. 

[0019] In operation, the cylinder 26 is filled with liquid, typically water, above the piston 40. Likewise chamber 90 is 
filled with water along vwth the jacket 96 and chamber 106 of the second cylinder 102. Similarly piston rod 42 is filled 
20 with water or other liquid atong with the reload chamber 46 and the source chamber 70. The piston is in the lowermost 
position as shown in Figure 1. This is required to prime the pump. 

[0020J The piston rod 1 14 is then moved to the left, from the point of view of Figure 1 . typically by a motor or engine 
with a crank mechanism or a pneumatic or hydraulic device, although this could be done in other ways. This displaces 
liquid 82 from the cylinder 1 02 downwardly through the column 92, through the second passageway 34 into the chamber 

2S 90 where it acts upwardly against the bottom of piston 40 and pushes the piston upwards in the cylinder 26. 

[0021] The piston rod 42 is pushed upwardly along with the piston and thereby reduces pressure in reload chamber 
46, since the volume occupied by the piston rod in the reload chamber is reduced as the piston rod moves upwardly. 
One-way valve 41 prevents liquid from flowing from the piston rod into the reload chamber, but the reduced pressure 
within the reload chamber causes ball 58 to rise off of its seat 60, such that liquid flows from chamber 70 into the reload 

30 chamber. 

[0022] When piston 104 of the cylinder 102 approaches the end of its travel adjacent discharge end 100, and piston 
40 approaches its uppermost position towards top 28 of the cylinder 26, liquid is discharged from the passageway 32. 
When the piston 104 has reached its limit adjacent discharge end 100, pressure against piston rod 1 14 is released. The 
weight of liquid occupying cylinder 26 above the piston 40 acts downwardly on the piston and forces the piston towards 

35 its lowemiost position shown in Figure 1 . This forces liquid out of ctiamber 90 and into the chamber 1 06 of cylinder 102, 
moving the piston 104 to the right, from the point of view of Figure 1. so it returns to the original position shown. 
[0023] At the same time, the piston rod 42 is forced downwardly into the reload chamber 46. This increases pressure 
in the reload chamber and keeps the ball 58 against valve seat 60 to prevent liquid from flowing back into the source 
chamber 70 through the passageway 52. The liquid in the reload chamber is thus forced upwardly into the piston rod 

40 42 by raising valve member 43 off of valve seat 45. In this way, a portion of the liquid in reload chamber 46, which had 
flowed Into the reload chamber from the source chamber as the piston was previously raised, moves from the reload 
chamber into the piston rod and refills the cylinder 26 above the piston 40 as the piston moves downwardly towards its 
lowennost position shown in Figure 1. 

[0024] The piston 104 in the cylinder 1 02 is then pushed again to the left, from the point of view of Figure 1 , and again 
<s raises the piston 40. A volume of liquid equal to the volume of liquid which moved into the piston rod 42 from the reload 
chamber 46, as the piston 40 previously moved downwards, is then discharged from 32 as the piston 40 approaches 
its uppermost position and piston 1 02 approaches its position closest to the discharge end 1 00 of cylinder 102, 
[0025] The cycles are then continued and, as may be readily understood, each time the piston 40 moves down and 
back up. It pumps a volume of liquid from the reload chamber 46, and ultimately from source chamber 70, equal to the 
so difference in volume occupied by the piston rod 44 within the reload chamber 46, when the piston 40 is in the lowermost 
position as shown in Figure 1 , less the volume it occupies within the reload chamber {if any) when the piston 40 has 
reached its uppemiost position. The travel of the piston 40 is adjusted 80 that the piston rod remains within the aperture 
48 at the uppermost limit of travel of the piston 40 and piston rod. 

[0026] The pump apparatus described above is capable of pumping liquid from point 22 to point 24 as described 
ss above. Thus the apparatus is capable of pumping liquid against a significant hydraulic head, such as experienced in 
pumping water from the bottom of a mine, without requiring a pump with a high hydraulic head output. This is because 
liquid in column 92 acts upwardly against the bottom of the piston 40 and assists the movement of the piston 1 04 towards 
the left, from the point of view of Figure 1 . When the piston 40 is moved downwardly by the weight of liquid in cylinder 
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26 above the piston, it moves the liquid In chamber 90 upwardly, increasing its hydraulic head and building up Its potential 
energy. Thus a large portion of the energy lost as the piston 40 nnoved downwardly is recovered in potential energy 
represented by the liquid in column 92 extending to cylinder 102. 

[0027] Thus It may be seen that the cylinder 102 should be placed as high as possible for the maximum recovery of 

5 the energy. It should be understood that the position of cylinder 102 could be different than shown in Figure 1 . It could 
be. for example, oriented vertically. The terms "left" and "righr used stoave in relation to the cylinder, piston and piston 
rod are to assist in understanding the invention and are not intended to cover all possible orientations of the invention. 
[0028] Figure 2 shows a pumping apparatus 20.1 whteh is generally similar to the apparatus shown in Figure 1 with 
like parts having like numbers with the addition of" .1". It Is herein described only with respect to the differences between 

to the two embodiments. Only the upper portion of the apparatus is shown, the reload chamber and source chamber being 
omitted because they are Identical to the first embodiment. In this example passageway 34.1 Is fitted with a one-way 
valve 1 20 which pennits liquid to flow from chamber 90.1 into conduit 122, but prevents liquid from flowing in the opposite 
d irection. The conduit 1 22 is connected to a receiver 124 which may be similar in structure to a hydraulic accumulator, 
for example, and is capable of storing pressurized hydraulic fluid. When the piston 40.1 is moved downwardly by the 

« liquid in cylinder 26.1 , it is forced into the receiver 124. 

[0029] There is a hydraulic conduit 126 which connects the receiver to a centrifugal pump 1 28 which is connected to 
passageway 130 in the cylinder 26.1 below the piston 40.1 via a conduit 132. After the piston reaches Its bottommost 
position, as shown in Figure 2, pump 128 is started to pump liquid from the receiver 124 Into the chamber 90.1 to lift the 
piston 40.1. The fact that the liquid in the receiver 124 was pressurized during the previous downward movement of 

20 piston 40.1 reduces the work required from pump 128 to assist in raising the piston. Thus this apparatus operates in a 
manner analogous to the embodiment of Figure 1, but uses the receiver to store pressurized hydraulic fluid Instead of 
utilizing a physical, vertical hydraulic head as in the prevfous embodiment. Furthenmore a centrifugal pump 128 is 
employed instead of the piston pump comprising cylinder 102 and piston 104 of the previous embodiment. Otherwise 
this apparatus operates in a simitar manner. 

25 

ANALYSIS OF PRESSURES AND FORCE BALANCE 
[0030] Referring to Figures 1 through 5: 

30 Ai is the area of the top 29 of the piston 40 which is the area of the transfer cylinder 26 

Aj is the area of the bottom of the piston rod 42 

Ai-A2 is the area of the transfer piston In with the power fluid 

S is the stroke length 

Pi is the pressure of the standing column 
35 P2 is the pressure of the working flukJ during the power stroke 

P3 is the available head of the fluid to be pumped 

P4 is the pressure in the transfer chamber 200 

P5 is the pressure of the power fluW during the recovery stroke 

Pg Is the pressure created in the power cylinder 1 02 located at the same level as the standing column distiiarge 32 
10 W is the weight of the piston 

R is the resistance created by the seals 

d is the density of water (0.036 1bs/in3) 

A5 is the area of the Power Cylinder 

Sc is the stroke of the Power Cylinder 
IS His the height of the standing column of water 

[0031] During the recovery stroke the transfer piston nrnves down, with valve member 43 open and valve 56 closed. 



Downwaid Faices = P, A,+ W 



UpwanlFoicesF,-Px(ArA3)-i'P4A,'t-R 
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NetiinseF-Fa. P.- P,A, •t>W-P^A,-A9)-p4A,-R 

5 If we assume: 

Pi=3,1Q bar, Ai=0.0052 m2 (P,= 45 psig. approximately 100 feet of water, and = 8 in2), 
PiA,=1600N (PiAi=45 x 8= 360 lbs) 

10 . a piston weight of 2lbs (approximately 8 in3 of steel) 
- a seal resistance 20 lbs 

P4= Pi and therefore ^/JKr^^^2 

P-M,-P,A,-P,(A,-A^-R 

20 F=P,(ArA9)-PKA,-Aa)-R»(P,-P5XA,-Aa)-R 

For this to be a net downward force, Pg must be less than P,. The area that P, operates on is (Ai- Aj). 
[0032] During the power stroke the transfer piston moves up and valve member 43 closed. 

25 

Dowmvaid fotces Fd » P,A,-i- R 
^ U|»waHlfeice9F.-PjCA,-A^+P«A» 

Net force= F = F„-Fd= PstArAj)* P4A2-P1A1-W-R 
P4= P3. If we assume P3 « or P2, we can ignore P4A2. 
^ As for the recovery strolce we can ignore W. 

P»P3(A,-A^.P,A,-R 

^ Efficiency 

Worit In during the recovery strol<e 

[0033] P3 = Pi - Pq where Pq is the pressure created in the power cylinder located at the same level as the standing 
column discharge. 

Work done at the power cylinder 

[0034] 

50 

.W,=PA3„ 

^ A(,S<. is the volume of power fluid moved per stroke = (A^ - A2)S 
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For example, Pc= 0,97 bar, A,=0,0052m2 A2=0.0026m2, 5=0.305m (P^=U psig, A, = 8 in\ 4 in^,. and S =12 in) 
Wi = 76Nm (Wi=14(8-4)1 2 = 672 in lbs (56 ft lbs) plus R x S 20 x 1 2 = 240 in lbs) 

A,/A,-05 

Work in during the Power Stroke 

[0035] Pa = Pi + Pc- In order to create an acceleration of "a" limes g (32.2 fVsec^) in the standing column, tlie net 
force must be "a" times the weigtit of the standing column. 

F = P,(A, - Aj) - P,A, . R = aHA,d » aP,A, 

(P| + P,)(A, -Aj)- P,A, - R » aP, A, 

Pi Ai - P^Aj + Pc A. - PgAg- P,A,- R = aP^Ai , The bold terms cancel. 

P.(A, -Aa) = aP,A, + P, A4+ R 



Pe= P>faA.+A,'> + 



(A,- A,) (A,-Aa) 

For a head of 30.5m (100 feet) Pi=299000N/m2 (43.3 psig) and a = 1 g, R= 89N (20 lbs) 9,32 bar. 



^P. - 4i2£M±4i+ ^-130 + 5»I35 psigj 



Work In at the power cylinder 
10036] Wi=Pc(Ai-A2)S=732N 



(Wr* Pc(A, -A^S = 135 X 4 X 12 « 648a in Ib^ 



[0037] The amount of water lifted is SAjd =0,20 N (SAgd =12 x 4 x 0.036 =1 .73 lbs) it is raised 30,5m (1200 inches) 
Wo=234 Nm 

(Wo= 1/73 X 1200 = 2070 in lbs « 173 fk Ib^ 
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Efficiency based on V^i ratio of 0.5 



E = Wo/ W, = 2070/(6480 + 672 + 240) = 28.0% 

By examining the above fonmula for one can see how changing the acceleration and the ratio of Ag/Ai affects the 
pressure necessary to drive the pump. For example: 

A2/A1 = 0.8 or in the example A2 would now = 0,041 (6.4 sq. in), 
and a = 0.26 g 



(A,-Aj) (ArAJ 



fp^= 43.3f.2Sx8+6.41 + 20 « 227 -t- 12.S « 239.5 psig) 
\ 1.6 1.6 J 



or using a lower Ag/A^ ratio - say 0.25, now A2 = 2 and leaving acceleration at 0.25g 



CArA^ (Aj-A^ 



^P." 43.3f 2|yg+2) + 2g - 28 + 3.33 - 3133i«igj 



We are now moving a volume of water up 30.5m (100 feet) in our example by adding 216000N/mZ (31.33 psi (72.37 ft.)) 
of head to the power column. 

DYNAMIC ANALYSIS OF THE ORIGINAL CONCEPT 
Recovery Stroke 

[0038] Continuing with the same example the net force on the Standing Column 26 is: 

F'=P,(A,-A4)-B=160N =»t4(8-4)-20 = 361b^ 

The mass of the Standing Column is 

/.*W*'(l200 X 8 X 0.036= 346 11^ 

The acceleration is 
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36^46 » 0.10 g 




s The time required to complete ttie stroke 



2 * 



t = (2S/ay»« ^2Xf^ « 0.79 seconds 



IS Power Stroke 

[0039] The acceleratiorj was defined as 1 g (or 32.2 ft/sec^) 



^° t= (2/32.2)" = 055 seconds. 

The complete stroke will take 0.79 + 0.25 =1 .03 seconds 

[0040] Ttie above analysis of pressures and force can be manipulated using different ratios of Aj/M, Pj/Pi and 
2S acceleration "a". 

[0041] Attached as Figure 3 is a performance curve for the pressure head concept showing the efficiency against the 
ratio Az/A,. Also included as Table 1 are the calculations from which Figure 3 is drawn showing the absolute numeric 
variations as parameters are changed. 
[0042] 



Table 1 













Efficiency vs A2/A1 












A2/A1= 


0.4 


05 


0.6 


0.7 


0.8 


0.82 


P2/P1 














1.5 


0.0% 


0.0% 


0.0% 


0.0% 


0.0% 


0.0% 


1.8 


0.0% 


0.0% 


0.0% 


0.0% 


0.0% 


0.0% 


2.0 


41.4% 


0.0% 


0.0% 


0.0% 


0.0% 


0.0% 


2.5 


31.6% 


45.7% 


0.0% 


0.0% 


0.0% 


0.0% 


3.0 


25.5% 


372% 


533% 


0.0% 


0.0% 


0.0% 


4.0 


18.5% 


27.1% 


39.3% 


59.1% 


0.0% 


0.0% 


5.0 


14.5% 


21.3% 


31.2% 


47.1% 


0.0% 


0.0% 


7.5 


9.4% 


13.9% 


20.5% 


31.3% 


53.7% 


61.1% 


10 


6,9% 


10,3% 


15,3% 


23,5% 


40,2% 


45,8% 


Optimum 


26,6% 


315% 


36,0% 


40,7% 


46,3% 


47,5% 
















P5/P1 , req 


0,39 


0.31 


0.185 


0,05 


0,05 


0,05 


Rec Acc m/sec2 


2,45 


2,44 


2,45 


2,20 


1.28 


1,10 


{Rec Acc ft/sec2) 


(8,04) 


(8.01) 


(8,04) 


(7.21) 


(4,21) 


(3,61) 
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(continued) 













Efficiency vs A2/A1 












P2/P1 opt 


2.9 


3.48 


4,35 


5,79 


8,69 


9,65 
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[0043] For Vne pressure head concept, the curves demonstrate that a pump could approach an efficiency of up to 6 1 % 
if used in applications where a very high pressure head is available and the power water can be discharged at a very 
low level, both compared to the height of the standing column. Efficient pump designs have a high /A^ ratio indicating 
that the volume of water discharged from the stranding column is greater than the volume of water used on the power 
IS side of the transfer piston. This feature indicates that the pump may be attractive in lifting water fi-om a well or de-watering 
a mine as long as there Is a convenient source of suitable power water; i.e. compatible with the water to be lifted and 
having a very high head. As previously discussed, a pressure head pump could be attratUve in some run-of-the-river 
hydro applications if a suitable source of power water is convenient. 

[0044] For the power cylinder concept, the curves indicate that the higher the Aj /A^ ratio the more efficient the pump, 

20 and the lower the accelerations the more effident the pump. 

[0045] Efficient pressure head concept pumps move a greater volume of process water per stroke than the volume 
of power water required. This again is a direct result of the high ratios of Aj/A, . This means that the power water could 
be released to join the process water and still allow effective pumping to occur. Conversely, pumps with low ratios of 
Aj/A^ but with a large amount of power water and a lower head can move smaller amounts of process water up greater 

25 heights. They will expend more power water than the process water they move. This process is similar to the classic 
hydraulic ram principle where a large amount of fluid at a low pressure head is used to transfer a small amount of fluid 
up a higher elevation. 

[0046] A different embodiment of the pump utilizes a bladder similar to a pressure tank in a water system or a packer 
similar to a drill hole packer that houses the water in the power cylinder that Is pressurized by air or hydraulic pressure 
30 and then the pressure lowered and again repressurized. Thisallows theuse of the pump without expending the power fluid. 

ANALYSIS 

[0047] Figure 5 shows the two main embodiments of the pump. Figure 5A describes the pressure head concept 
35 showing how the liquid, generally water, stored at a higher elevatton 83 supplies excess pressure for the power stroke 
85 and reduced pressure 87 when point 89 is used for the power flukj release. Figure 5B shows the power cylinder 
concept virtiere the excess pressure is generated by the power cylinder 102 and the recovery stroke is augmented by 
the creation of a vacuum when piston 104 is withdrawn from the column of power fluid. 

40 PERFORMANCE CURVES 

Pressure Head Concept 

[0048] Referring to Table 1 , the valves were manipulated to calculate the efficiency of various pressure head arrange- 
rs ments. The manipulation required: 

- setting various ratios of Ag/A, from 0.4 to 0.82 then, for each of the rattos, 

- calculating the recovery stroke performance for various ratios of Pg/P, (the height of the power water release 
5P compared to the standing column height), 

- "optimising" Pg/P, to obtain a recovery stroke acceleration of 24m/sec2 (8 ft/sec^), if possible, 

- using the "optimised" results from the recovery stroke calculations as input for the power stroke calculations, 

55 

• calculating the power stroke pert'ormance for various ratios of Pj/P^ (the height of the power water source compared 
to the standing column height), 
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■ "optimising" P^/P-, was to obtain a power stroke acceleration of 24m/sec2 (Sft/sec^), 

- transferring the calculated efficiencies to another spreadsheet along with the "optimised" P5/P1 and Pj/P^ ratios 
and the recovery strolce acceleration, 

- using the calculated efficiencies to plot a graph of efficiency vs fi^K, for the most signiflcant ratios of P2/P1 . 

[0049] The results indicated that high ratios of A^/Ai result in higher efficiency and low acceleration. The results also 
indicate that a low ratio of Pg/P^ is required to create reasonable recovery strolce acceleration. 
[0050] Refemng to Table 1, performance data for the ratio Aj/A, = 0.82 is shown which indicates that an efficiency of 
B1 % could be achieved if a power stroke acceleration of 2,44m/sec2 (8, ft.sec 2) (0.25g) is considered acceptatrfe. The 
recovery stroke acceleration will be around 1,2m/$ec2 (4 ft/sec2) with this design. 

[0051 ] What is not immediately apparent is that when the A^A^ ratio is high, the amount of power water released per 
stroke is much less than the amount of process water lifted per stroke. The amount of process water lifted per stroke is 
A2S and the amount of power water released per stroke Is (A2 - A, )S. 
[0052] WhenA2/A,=0.8: 



(Aa - A,) « A, - 0.8A, - 0^, 



and the amount of power water released per stroke is 



.(Ai-A,)S= O^A,S 



and A2 = 0.8A,: 

therefore the amount of pnjcess water lifted is 



A^»0.8A,S 

or four times the amount of power water released. 

This means that the power water could be released into the process water and the pump will stiil pump a net of (0.8 - 
0.2)AiS = O.6A1S per stroke. 

Power Cylinder Concept 

[0053] Values were manipulated to calculate the efficiency for various power cylinder anrangements. The manipulation 
required is: 

. setting vartous ratios of Ag/A, ; from 0.4 to 0.82, then, for each of the ratios, 

- setting the pressure in the power cylinder (PJ during the recovery stroke, 

- calculating the recovery stroke performance for various ratios of HpHi (the height of the pump compared to the 
height of the standing column), 

- "optimising" Hp/Hi, to obtain a recovery stroke acceleration of 2.4m/sec2 (8ft/sec2) if possible, 

■ using the "optimised" results from the recovery stroke calculations as input for the power stroke calculations, 
• calculating the power stroke performance for various ratios of Pj/Pi, 
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- "opflmising". Pj/P, to obtain a power stroke acceleration of 2,4m/sec2 (8 WsecZ), 

- transferring the caiculated efficiencies to anotfier spreadsheet along with the "optimised" Hp/H, and Pj/Pi ratios 
and the recovery stroke acceleration, 

- using the calculated effidencies to ptot a graph of efficiency vs Aj A, for the most significant ratios of Pj/Pi . 

[0054] The results indicate that high rattos of Aj/A, result in higher efficiency and lower ratios allow moving fluM to 
higher heads but using more process water or a larger power column if contained in a bladder or packer. 

ATTFJACTIVE APPLICATIONS 

[0055] For the concept pump to be reasonably efficient, the ratio Aj/A, must be high. For this sort of pump to have a 
reasonable recovery stroke acceleration the power water in a pressure head style pump must be released very tow 
relative to the height of the standing column. For this sort of pump to have a reasonable power stroke acceleration the 
power column must be very tall relative to the standing column. These features indicate that the pump would be attractive 
in applications where there is a source of power water at an elevaHon much higher than the standing column height, it 
must also be possible to release the power water at a very low elevatk>n relative to the height of the power column in a 
pressure head style pump. 



the previously discussed run-of-the-river hydro booster application could lit these requirements. Analysis shows 
that this application allows the recovery ofmore than 55% of the energy of a high elevation tributary if it is channeled 
to a pressure head style pump placed at the bottom. The pump lifts almost five times as much water as is used to 
power the pump if the water is lifted 1/10* of the height of the power head. The water is then recycled through the 

turbine at the bottom. 



using the pump to de-water a mine could also be attradive. 



- raising water from a well could be attractive. 

- raising water to a reservoir or to a higher elevation (pressure) could also be attractive 

[0056] Another embodiment of the present invention is illustrated in figures 6a and 6b, wherein like parts have like 
reference numerals with the additional suffix ".2". Refening first to Figure 6a, a piston type pumping apparatus is shown 
indicated generally by reference numeral 20.2, The apparatus is intended to pump liquids, typically water, up relatively 
great vertical distances as exemplified by the distance between points 22.2 and 24.2. 

[0057] There is a vertically oriented cylinder 26.2 having a top 28.2 and a bottom 30.2. A piston 40.2 is reciprocaUngly 
mounted within the cylinder 26.2 and is connected to a vertically oriented, hollow piston rod 42.2 which extends slidably 
and sealingly through aperture 44.2 in the top 28.2 of the cylinder and aperture 48.2 in the bottom 30.2 of the cylinder. 
The piston 40.2 is annular in shape, in this example, has a surface area and divides the cylinder Into two sections 
exemplified by cylinder space 27 betow the piston and cylinder space 31 above the piston. The cylinder 26.2 has a 
diameter Dc and the hollow piston rod 42.2 has a diameter DpR. 

[0058] The piston rod 42.2 has a first portion 218 below the piston 40.2 and a second portion 220 above the piston. 
The first porUon 218 extends slidably and sealingly through the aperture 48.2 and the second portion 220 extends slidably 
and sealingly through the aperture 44.2. it should be understood that Figures 6a and 6b are simplified drawings of the 
invention and seals and other conventional elements which would be apparent to someone skilled In the art are omitted. 
[0059] There is a first one-way valve, indkated generally by reference numeral 41 .2. at top 50 of the piston rod 42.2. 
Valve 41.2 has a valve member 43.2 and a valve seat 45.2 which extends about a first passageway 47.2 in the top 50 
ofthe piston rod 42.2. 

[0060] There is a reload chamber 46.2 adjacent bottom 30.2 of the cylinder 26.2 and Is sealed with the cylinder apart 
from the aperture 48.2. The reload chamber 46.2 is in the form of a cylinder, in this example, and has a diameter Drl- 
A second one-way valve indicated generally by reference numeral 56.2 is located at a bottom 57 of the reload chamber 
46.2 and includes a valve member 58.2 and a valve seat 60.2 which extends about a second passageway 52.2 in Oie 
bottom of the reload chamber. 

[0061 ] The second one-way valve allows Ik^uid to flow fnjm a source of liquid to be pumped below the apparatus 20.2 
into the reload chamber 46.2 and into hollow piston rod 42.2, but prevents liquid from flowing from the reload chamber 
towards the source below. 

[0062] There is a transfer chamber 200 adjacent the top 28.2 of the cylinder 26.2 and is sealed with the cylinder apart 
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from the aperture 44.2. The transfer chamber 200 is in the form of a cylinder. In this example, and has a diameter Dj^. 
The second portion 220 of the piston rod 42.2 acts as a piston within the transfer chamber 200. There could be a piston 
member on the end of the piston rod 42.2 within the transfer chamber 200 and the term "piston rod" includes this possibility. 
[0063] The first one-way valve 41 ,2 allows liquid to flow into the transfer chamber 200 from the hollow piston rod 42.2 

5 and from the reload chamber 46.2, but prevents a reverse flow into the hollow piston rod and reload chamber. 

[0064] Since the transfer chamber 200 and the reload chamber 46.2 are above and below the cylinder 26.2 respectively, 
in this embodiment, the cylinder diameter Dq can be sized such that the piston rod diameter DpR can be equal to or less 
than the diameters Djt^ and Drl. of the transfer chamber 200 and reload chamber 46.2 respectively, and can also be 
sized such the diameter surface area 41 .2 of the piston 40.2 is large enough for optimal pumping. The larger the diameter 

« DpR of the pistion tod 42.2, the greater the volume of fluid that can be pumped by the apparatus 20.2. The greater the 
surface area 41 .2 of the the piston 40.2 the greater the pumping force. 

[0065] A third one-way valve indicated generally by reference numeral 202 is located at the top 204 of the transfer 
chamber 200 and includes a valve member 206 and a valve seat 208 which extends about a third passageway 210 In 
the lop of the transfer chamber. There is a discharge chamber 212 above and adjacent to the transfer chamber 200 and 
?s is sealed with the transfer chamber apart from the third on&way valve 202, The third one-way valve 202 allows liquid 
to flow from the transfer chamber 200 into the discharge chamber 212, but prevents a reverse flow of liquid from the 
discharge chamber into the transfer chamber. 

[0066] A fourth passageway 214 is located in the bottom 302 of ttie cylinder 26.2 and a fifth passageway 216 is located 
in the top 28.2 of the cylinder. The fourtti and fifth passageways 214 and 216 allow a flow of pressurized liquid into and 
20 out of the cylinder spaces 31 and 27 respectively as will be explained below. Typically, the fourth and fifth passageways 
214 and 216 respectively would be connected to a source of pressurized liquid via respective conduits and respective 
valves. 

[0067] In operation, the apparatus 20.2 is primed by fitting the reload chamber 46.2, the hollow piston rod 42.2 and 
the transfer chamber 200 with fluid, typically water, and the piston is placed in its lowermost position next to bottom 30.2 

25 of cylinder 26.2. The first, second and third one-way valves 41 .2, 56.2 and 202 are closed. 

[0068] During the power stroke, shown in Figure 6a, pressurized fluid is let into the cylinder space 27 through pas- 
sageway 214. The pressurized fluid acts on the piston 40.2, causing it to rise fi-om the bottom 30.2 towards the top 28.2. 
[0069] The second portion 220 of the piston rod 42.2 rises upwardly through the aperture 44.2 and thereby creates 
an increased pressure in the transfer chamber 200 since the volume of space occupied by the second portion in the 

30 transfer chamber is increased. 

[0070] The increased pressure in the transfer chamber 200 causes the valve member 43.2 of the first one-way valve 
41 .2 to remain firniiy seated in its valve seat 45.2. such that liquid is prevented ft-om flowing through passageway 47.2. 
The increased pressure also causes the valve member 206 of the third one-way valve 202 to rise off Its seat 208, such 
that liquid is allowed to flow from the transfer chamber 200 into the discharge chamber 212. 

35 [0071] The volume of liquid flowing from the transfer chamber 200 into the discharge chamber 21 2 is substantially 
equal to the increased volume occupied by the second portion 220 of the piston rod 42.2 in the transfer chamber. 
[0072] Correspondingly, the first portion 21 8 of the piston rod 422 rises upwardly through the aperture 48,2, increasing 
the volume of space occupied by the reload chamber 46.2 and the hollow piston rod 42.2 combined. Since the first one- 
way valve 43.2 is closed, as discussed above, the pressure in the reload chamber 46.2 and in the hollow piston rod 42.2 

^0 Is reduced. 

[0073] The reduced pressure in the reload chamber 46.2 causes the valve member 58,2 of the second one-way valve 
56.2 to rise offits seat 60.2, such that liquid flows from the source below into the reload chamber through passageway 
52.2. The volume of liquid flowing from the source into the reload chamber 46.2 is substantially equal to the increase in 
total volume occupied by the hollow piston rod 42.2 and the reload chamber 46.2 combined, such that the pressure is 

« equalized between the source, the reload chamber and the hollow piston rod. 

[0074] During the power stroke the piston 40.2 continues to travel until rt reaches the top 28.2 of the cylinder 26,2. 
The increase in the total volume of space occupied by the hollow piston rod 42.2 and the reload chamber 46.2 is equal 
to the decrease of volume occupied by fluid in the transfer chamber 200. The decrease in volume of fluid In transfer 
chamber 200 is equal to increase in the volume of space occupied by the second, portion 220 of the piston rod in the 

so transfer chamber 200. 

[0075] Referring now to Figure 6b. during the recovery stroke pressurized fluid is let into the cylinder space 31 through 
passageway 216. The pressurized fluid acts on the piston 40.2 such that it is deflected downwards from the top 28.2 of 
cylinder 26.2 towards the bottom 30.2. Simultaneously, pressurized fluid from space 27 is released through passageway 
214. 

55 [0076] Initially during the recovery stroke, with the first on&^ray valve 41 .2 closed and the third oneway valve 202 
open, the pressure in the transfer chamber 200 is decreased since the volume of space occupied by the second portion 
220 of the piston rod 42.2 is deaeased. This decrease in pressure causes the valve member 206 of the thinJ one-way 
valve 202 to seat itself on seat 208 which thereby prevents any fluid from the discharge chamber 212 from flowing 



13 



EP 1 714 031 B1 



through passageway 210 into the transfer charrjlier 200. 

E0077] Similarly, during the initial period of the recovery stroke with the first one-way valve 41 .2 closed and the second 
one-way valve 56.2 open, the pressure in the reload chamber 46.2 is increased since the total volume of space occupied 
by the piston rod 42.2 and the reload chamber is decreased while the volume of fluid therein remains at first constant. 
This increased pressure causes the valve member 58.2 of the second oneway valve 56.2 to seat itself on seat 60.2 
which thereby prevents any fluid from the reload chamber 46.2 and the hollow piston rod 42.2 from flowing through 
passageway 52.2 into the source. 

[0078] Once the second one-way valve 56.2 closes, the total volume of fluid in the space defined by the reload chamber 
46.2. the hollow piston rod 42.2 and the transfer chamber 200 remains constant. During this period of the recovery 
stroke, with the first one-way valve 41.2, the second one-way valve 56.2 and the third one-way valve 202 closed, the 
volume of space occupied by the second porUon 220 of the piston rod 42.2 in the transfer chamber 200 is reduced as 
the piston 40.2 travels towards the bottom 30.2 of cylinder 26.2 which causes a reduced pressure in the transfer chamber. 
A simultaneous increase in pressure occurs In the volume of space contained within the reload chamber 46.2 and the 
hollow piston rod 42.2. 

[0079] The decrease In pressure in the transfer chamber 200 and increase in pressure in the hollow piston nxl 42.2 
and the reload chamber 46.2 causes the valve member 43.2 to rise off Its seat 45.2, allowing the fluid to flow from the 
reload chamber and hollow piston rod into the transfer chamber to equalize the pressure. 

[0080] The recovery stroke ends with the piston 40.2 next to bottom 30.2 of cylinder 26.2 and with the transfer chamber 
200, the hollow piston rod 42.2 and the reload chamber 46.2 filled with llquW. The apparatus 20.2 is then ready for 
another power stroke. This cycle of a power stroke followed by a recovery stroke is alternately repeated during the 
operation of the apparatus 20.2. 

[0081] An advantage of the present embodiment is obtained by the novel use of the third one-way valve 202 which 
prevents liquid In the discharge chamber 21 2 from reentering the transfer chamber 200 during the recovery stroke , This 
improves the efficiency of the pump significantly since energy is not wasted re-pumping the same liquid. 
[0082] Another advantage is due to the configuration of the reload chamber 46.2, the cylinder 26,2 and the transfer 
chamber 200. This configuration allows the piston rod diameter DpR to be equal to or less than the diameters Drl and 
D-rc of the reload chamber and transfer chamber respectively. The greater the piston rod diameter DpR, the greater the 
volume of fluid that can be pumped by the apparatus 20.2. Furthemiore. since the diameter Dq of the cylinder 26,2 is 
not bound by eittier the reload chamber 46,2 or the transfer chamber 200. the surface area 41 ,2 of the piston 40.2 can 
be made as large as necessary for an optimal pumping force. The greater the surface area 41.2 of the piston 40,2, the 
greater the force of the piston rod 42,2 acting on the water in the transfer chamber 200 for a given pressurized fluid on 
the piston through passageway 214. 



1. A piston type pumping apparatus (20). comprising: 

a vertically oriented cylinder (26) having a top and a bottom, the bottom having a first aperture (44); 

a first passageway (32) for liquid in the cylinder (26) at the top thereof; 

a second passageway (34) for liquid in the cylinder (26) at the bottom thereof; 

a reload chamber (46) located below the cylinder (26) and having a second aperture located at the top thereof; 
a piston (40) reciprocatingly mounted within the cylinder (26) and having a tc^ area against wtiich pressurized 
liquid acts In a direction of movement of the piston (40); 

a hollow piston rod (42) connected to the piston (40) and extending below the piston (40) slidably and sealingiy 
through the first aperture in the bottom of the cylinder and slidably and sealingiy through the second aperture 
in the top of the reload chamber into the reload chamber (40), and having a third passageway for liquid to 
communicate with the reload chamber (46), the piston rod (42) having a smaller bottom area within the reload 
chamber (46) upon whfch pressurized liquid in the reload chamber (46) acts in the direction of movement of the 
piston (40) and piston rod (42) compared to the top area of the piston (40), so that liquid In the cylinder (26) 
acting on the piston when the apparatus is in use exerts a greater force on the top area of the piston (40) than 
liquid in the reload chamber (46) acting against the smaller bottom area of the piston rod (42); 
a first one-way valve (41 ) located in the third passageway which permits liquid to flow from the reload chamber 
(46) into and above the piston rod (42) and prevents liquid from flowing back through the piston rod (42) into 
the reload chamber (46); 

a fourth passageway for liquid extending from the reload chamber (46) to a source chamber (70); 

a second one-way valve (52) in the fourth passageway which pemiits liquid to flow from the source chamber 

(70) into the reload chamber (46) and prevents liquid from flowing from the reload chamber (46) towards the 
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source chamber (70); and, 

a receiver (80) connected to the second passageway (34) for storing pressurized liquid displaced below the 
piston (42), as the piston (42) moves downwardly, and to assist in raising the piston (42) and, accordingly, liquid 
contained within the piston rod (42), to pump liquid upwardly and through the first passageway. 

2. The apparatus of Claim 1 wherein the receiver additionally comprises hydraulic liquid. 

3. The apparatus of Claim 2 further comprising a pump connected to the receiver to raise the piston (40). 

4. The apparatus of Claim 3, wherein the pump comprises a piston type pump. 

5. The apparatus of Claim 4. wherein the pump is located above the second passageway (34). 

6. The apparatus of Claim 3, wherein the pump comprises a centrifugal pump (128). 

7. The apparatus of Claim 6 further comprising a fifth passageway (34.1 ) for liquid adjacent to the tiotlom of the cylinder 
(26), a first conduit (122, 126) connecting the fifth passageway (130) to the pump and a second conduit (132) 
connecting the second passageway to the t>ody of liquid, 

8. The apparatus of Claim 7 further comprising a third one-way valve (120) adjacent to the second passageway (130) 
in the second conduit (132). 



Patentansprtiche 

1 . Eine Kolbenpumpvorrichtung (20), aulweisend: 

- einen vertlkal ausgerichteten Zyiinder (26) mil einem oberen Tail und einem unteren Tell, wobei der untere 
Teii eine erste Offnung (44) hat; 

- einen ersten Flussigkeitsdurchgang (32) In den Zyiinder (26) an dessen oberem Teil; 

- einen zweiten Flussigkeitsdurchgang (34) in den Zyiinder (26) an dessen unterem Teii; 

- eine Nachladekammer (46), die unter dem Zyiinder (26) angeordnet ist und eine zweite Offnung liat, die an 
deren oberem Teil angeordnet ist; 

- einen Kolben (40), der hin- und hergehend innerhalb des Zylinders (26) gelagert ist und der eine Kopfflache 
hat, auf welche eine unter Drucl< stehende FIQssigkeH in eine Bewegungsrichtung des Kolbens (40) wirkt; 

- eine hohle Kolbenstange (42), die mil dem Kolben (40) verbunden ist und sich unter dem Kolben (40) ver- 
schiebbar und dicht durch die erste Offnung in dem unteren Teil des Zylinders und verschiebbar und dicht durch 
die zweite Offnung in dem oberen Teil der Nachladekammer in die Nachladekammer (40) erstreckt, und die 
eine dritlen Flussigkeitsdurchgang zum Kommunizieren mit der Nachladekammer (46) aufweist, wobel die 
Kolbenstange (42) verglichen mit der KopRlSche des Kolbens (40) innerhalb der Nachladekammer (46) eine 
kleinere Bodenflache hat, auf welche unter Druck stehende Flussigkeit in der Nachladekammer (46) in Bewe- 
gungsrichtung des Kolbens (40) und der Kolbenstange (42) wirkt, sodass Flussigkeit in dem Zyiinder (26), 
welche auf den Kolben wirkt, wenn die Vonichtung in Venwendung ist, eine groBere Kraft auf die KopfflSche 
des Kolbens (40) ausubt, als Flussigkeit in der Nachladekammer (48). welche auf die kleinere Bodenflache der 
Kolbenstange (42) wirkt; 

- ein erstes Einwegventil (41), das in dem dritten Durchgang angeordnet ist und welches Flussigkeit von der 
Nachladekammer (46) in die Kolbenstange (42) hinein und Qber die Kolbenstange (42) strSmen lasst und 
verhindert. dass Flussigkeit durch die Kolbenstange (42) zuruck in die Nachladekammer (46) stromt; 

- einen vierten Flussigkeitsdurchgang, der sich von der Nachladekammer (46) zu einer Quellkammer (70) 
erstreckt; 

- ein zweites Einwegventil (52) in dem vierten Durchgang, das Flussigkeit von der Quellkammer (70) in die 
Nachladekammer (46) hinein stromen lasst und verhindert, dass FIDssigkeit von der Nachladekammer (46) in 
Richtung der Quellkammer (70) stromt; und 

- einen Aufnehmer (80), der mit dem zweiten Durchgang (34) verbunden ist, um unter Druck stehende Flussigkeit 
zu speichern. die unter dem Kolben (42) verdrSngt vnrti, wenn der Kolben (42) sich nach unten bewegt, und 
um beim Heben des Kolbens (42) und dementsprechend der innerhalb der Kolbenstange (42) enthaltenen 
FIDssigkeit milzuwirken, um Flussigkeit nach oben und durch den ersten Durchgang zu pumpen. 
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2. Die Vonichtung nach Anspruch 1 , wobei der Aufnehmer zusStdich HydraulikflQssigkeit aufweist. 

3. Die Vorrichtung nach Ansprucli 2. die zudem eine tnit dem Aufrielimer verbundene Pumpe aufweist, urn den Kolben 
(40)zuheben. 

4. Die VorricWung nach Anspruch 3, wobei die Pumpe eine Koibenpumpe umfesst. 

5. Die Vorrichtung nach Anspruch 4, wobei die Pumpe Ober dem zwelten Durchgang (34) angeordnet ist. 

6. Die Vorrichtung nach Anspnjch 3, wobei die Pumpe eine Kreiselpumpe (128) umfasst. 

7. Die Vorrichtung nach Anspruch 6, die zudem einen fQnften zum unteren Teil des Zylinders {26) benachbarlen 
FI0ssigl<eitsdurchgang(34,1). einen ersten Kanal (122, 126), welcher den fOnften Durchgang (130) mit der Pumpe 
verbindet, und einen zwerten Kanal (132) auJweist, welcher den Durchgang mit der FIQsslgl^eitsmasse verbindet. 

8. Die Vorrichturvg nach Anspruch 7, die zudem ein drittes zu dem zweiten Durchgang (1 30) benachbartes Einwegvenlil 
(1 20) in dem zweiten Kanal (1 32) aufweist. 



20 Revendications 



1. Dispositif de pompage de type d piston (20). oomprenant : 

un v6rin orients vertlcalement (26) ayant un sommet et un fond, le fond ayant une premiere ouverture (44) ; 

un premier passage (32) pour le liquide situe dans le verin (26) au sommet de celul-ci ; 

un deuxieme passage (34) pour le liquide situ6 dans le v6rin (26) au fond de celui-ci ; 

une chambre de recharge (46) silu6e en dessous du v6rin (26) et ayant une deuxi^me ouverture situee au 

sommet de celle-ci ; 

un piston (40) monte de sorte ^ ailer et venir a l'int§rieur du v6rin (26) et ayant une zone de sommet centre 
laquelle du liquide pressurise agit dans un sens de mouvement du piston (40) ; 

une tlgedepistoncreuse(42)relieeau piston (40)ets"6tendantendes8ousdupiston(40)demanierecoulissante 
et §tanche a travers la premifere ouverlure dans le fond du v6rin et de manlfere coulissante el 6tanche a travers 
la deuxieme ouverture en haut de la chambre de recharge dans la diambre de recharge (40), el ayant un 
troisi^me passage pour que le liquide puisse communiqueravec la chambre de recharge (46), la tige du piston 
(42) ayant une zone de fond plus petite ^ I'interieur de la chambre de recharge (46) sur laquelle le liquide 
pressurise dans la chambre de recharge (46) agit dans la direction de mouvement du piston (40) et de la llge 
du piston (42) par rapport a la zone de sommet du piston (40), de sorte que le liquide dans le v§rin (26) aglssant 
sur le piston lorsque le dispositif est en cours d'utilisatlon exerce une force plus imporlante sur la zone de 
sommet du piston (40) que le liquide dans la chambre de recharge (46) agissant centre la zone de fond plus 
petite de la tige du piston (42) ; 

une premifere soupape de non-retour (41) situde dans le troisifeme passage qui permet au liquide de s'6couler 
de la chambre de recharge (46) a I'intferleur et au-dessus de la tige du piston (42) et empfeche le liquide de 
revenir a travers la tige du piston (42) dans la chambre de recharge (46) ; 

un quatri6me passage pour que le liquide sorte de la chambre de recharge (46) vers une chambre de source (40) ; 
une seconde soupape de non-retour (52) dans le quatrifeme passage qui permet au liquide de s'eoouler de la 
chambre de source (70) dans la chambre de recharge (46) et empeche le liquide de s'6coulef de la chambre 
de recharge (46) vers la chambre de source (70) ; et 

un rfecepteur (80) reli6 au deuxieme passage (34) pour stocker le liquide pressurise dfeplace en dessous du 
piston (42). lorsque le piston (42) se d§place vers le bas, et pour assister la montee du piston (42), et en 
consequence, du liquide contenu d I'intferieur de la tige du piston (42), pour pomper du liquWe vers le haut et 
d travers le premier passage. 

2. Dispositif selon la revendication 1 , dans lequel le rfecepteur comprend en outre un liquide hydraullque, 

3. Dispositif selon la revendication 2, comprenant en outre une pompe rellee au recepteur pour soulever le piston (40). 

4. Dispositif selon la revendication 3, dans lequel la pompe comprend une pompe de type a piston. 
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DIspositif selon la revendication 4, dans tequel la pompe se trouve au-dessus du deuxiSme passage (34). 

DIsposltif selon la revendication 3. dans lequel la pompe comprend une pompe centrifuge (128). 

DIspositif selon la revendication 6, comprenant en outre un cinquifeme passage (34.1) pour le liquide adjacent au 
fond du v6rln (26), un premier conduit ( 1 22, 1 26) reliant le cinquieme passage (1 30) la pompe et un second conduit 
(132) reliant la deuxleme passage a la masse de liquide. 

Dispositif selon la revendlcatfon 7, comprenant en outre une iroisiSme soupape de non-retour (120) adjacente au 
deuxl6me passage (130) dans le second conduit (132). 
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FIG. I 
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FIG. 2 
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FIG. 4 
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